Abstract -Relatively little information has been published on Coyotes in the eastern United States, particularly in the mid-Atlantic region, the last area of the contiguous US to be colonized by Coyotes. Increases in eastern Coyote distribution and abundance have been documented, and concerns about their impact on wildlife and livestock are growing. Information from published and unpublished manuscripts, theses, dissertations, and state wildlife agency records in the mid-Atlantic region were examined and synthesized. This review provides a comprehensive summary of Coyote ecology in the mid-Atlantic for natural resource managers and researchers.
Introduction
Canis latrans Say (Coyote) have expanded their range into the eastern United States over the last 100 years. Increases in distribution and abundance have been recorded and concerns regarding their impact on native wildlife and domestic livestock are growing. In 2005, 35,000 cattle and calves worth >$20 million dollars were lost to Coyotes in the eastern US, 3 times the number of animals lost to Coyotes 14 years earlier in 1991 (NASS 1992 (NASS , 2006 . Coyotes are also impacting native wildlife by hybridizing with Canis lupus rufus Audibon and Bachman (Red Wolves), and by preying on Odocoileus virginianus (White-tailed Deer) fawns and endangered shorebird nests. Despite increased interest, few published studies have investigated these impacts, particularly in the mid-Atlantic region. I summarized the existing data on Coyotes in the mid-Atlantic region in an effort to disseminate information, identify gaps in our knowledge, and direct future management and research.
Methods
I defi ned the mid-Atlantic area as the states of Delaware, Maryland, North Carolina, Pennsylvania, Virginia, and West Virginia. I used several search engines to ensure a comprehensive review of the literature including AGRICOLA, BIOSIS, Wildlife and Ecological Studies Worldwide, and WorldCat. Additional references were gained by inspecting the literature cited section of each reference. Due to the limited information available on the eastern Coyote, I included theses and dissertations, unpublished manuscripts, and grey literature in the form of reports.
Genetics
Many authors have noted that the eastern Coyote is larger than the western Coyote (Parker 1995 , Way 2007 , Way and Proietto 2005 , and sometimes displays a melanistic coat (Adams et al. 2003b , Anderson et al. 2009 , Parker 1995 . These characteristics have raised questions about the genetic origins of the eastern Coyote. In the mid-Atlantic and southeastern US, genetic testing has indicated that as Coyotes moved eastward, a male Coyote hybridized with a female dog and their female hybrid offspring successfully bred with Coyotes (Adams et al. 2003b ). Of 112 Coyotes tested from North Carolina, Virginia, and West Virginia, 12 had the same dog haplotype, indicating dog ancestry likely resulted from a single hybridization event (Adams et al. 2003b) . Recently this haplotype has also been found in Tennessee, Kentucky, and Alabama (Dennis 2010 (Kays et al. 2010a, b; Way et al. 2010; Wheeldon et al. 2010; Wilson et al. 2009 ). Kays et al. (2010a) found Eastern Wolf genetic material in samples from central and western New York and Pennsylvania. However, because the locations at which specifi c samples were collected were not specifi ed, it is unclear to what extent Eastern Wolf genetic material is present in the mid-Atlantic. Coyotes have also hybridized with Red Wolves in the Red Wolf recovery area in North Carolina to the extent that the US Fish and Wildlife Service recognizes hybridization as the primary threat to Red Wolf recovery (Adams 2003a , Roth et al. 2008 . However, the extent to which Red Wolf DNA is present in the Coyote population outside of northeastern North Carolina is unknown.
Morphology
Coyotes are sexually dimorphic; males are larger and weigh more than females (Parker 1995) . Adult Coyotes (n = 70) in Virginia averaged 16.2 kg and 13.4 kg for males and females, respectively (Houben and Mason 2004) , whereas adult Coyotes (n = 39) in West Virginia averaged 14.4 kg and 11.9 kg for males and females, respectively (Wykle 1999) . On average, male Coyotes in West Virginia were 122.6 cm long and females were 117.8 cm long (Wykle 1999 
Life history
Pair bonding and mating. Pair bonding and mating occurs in January and February (Chambers 1992 , Parker 1995 . Coyotes are monogamous and maintain long-term pair bonds (Harrison 1992b ). An instance of polygyny (1 male, 2 females) has been recorded in Coyotes in Ohio (Hennessy 2007) . A survey in western Tennessee found that 42% of females successfully mated and that older females were more likely to be pregnant than yearling females (Stephenson and Kennedy 1993) . Overall, the number of breeding females is extremely variable and depends largely on local environmental conditions (Stephenson and Kennedy 1993) . In Connecticut, only 6 of 27 (22%) female reproductive tracts examined had placental scars (Parker 1995) . In Massachusetts, females have been recorded whelping pups up to 6 years in a row (up to age 8-9) (Way and Proietto 2005) .
Denning and birth. Gestation lasts about 60 days, and young are born in March and April (Parker 1995) . Eastern Coyote den sites have been described as steep banks, rock ledges, brush-covered slopes, thickets, hollow logs, and above-ground depressions (Parker 1995 , Way et al. 2001 . In Massachusetts, 17 dens averaged 2.5 m deep, with an average minimum width of 28.9 cm, and entrances faced no particular compass direction (Way et al. 2001) . In Maine, 6 den entrances averaged a similar 37 cm; however, these entrances were more likely to face south (120-236°) (Harrison and Gilbert 1985) .
In western Tennessee, average litter size (based on placental scars) was 3.4 (Stephenson and Kennedy 1993) . Litters in Massachusetts averaged 4.5 pups (n = 16) (Way et al. 2001) . The size of a litter is dependent on many factors including food availability and the ability of females to ovulate, conceive, and give birth (Parker 1995) . Adults have been recorded moving their pups to other den sites up to 6 times Gilbert 1985, Way et al. 2001) . New den sites were a mean distance of 1.6 km apart (Harrison and Gilbert 1985) .
Pup development. Pups emerge from the den at 4-5 weeks of age (late May) (Harrison and Gilbert 1985 , Harrison et al. 1991 , Way et al. 2001 . Dens are then abandoned at 8-10 weeks of age (June/July) for rendezvous or above-ground resting sites (Harrison and Gilbert 1985 , Harrison et al. 1991 , Way et al. 2001 . Pups fi rst begin to move short distances from den and rendezvous sites at 6-8 weeks of age, but still concentrate their activities at these sites (Harrison et al. 1991) . Pups spend less time at the sites through the summer and eventually abandon them in mid-October (Harrison et al. 1991) . Pups fi rst move long distances accompanied by an adult at 13 weeks of age (late July; Harrison et. al 1991) .
Pups are weaned by 6-8 weeks of age (Parks 1979, Silver and Silver 1969 ) and begin eating regurgitated food at 3 weeks (Parker 1995) . Adults supply food (either regurgitated or whole) until July, and pups usually forage independently by August (Harrision et al. 1991) . Pups may also receive food from adults that are not their parents (Way 2003 (Way , 2004 Way et al. 2001) . A den of 4 pups in Massachusetts survived the death of their mother at 8 weeks of age because they were fed by at least 1 adult in addition to an animal presumed to be their surviving father (Way 2004 ). The genetic relationship between this adult and the pups was unknown (Way 2004) .
Dispersal. Coyote pups in Maine dispersed 4-10 months after birth in two waves, October-November and January-February (Harrison et al. 1991) . Males and females dispersed the same distance for an average of 102.5 km (Harrison 1992a) . The distance and timing of dispersal is dependent upon food availability and population density (Bekoff 1978 , Harrison et al. 1991 .
Age structure and mortality. A sample of 70 adult Coyotes taken in western Virginia from 1993-1996 indicated that 71% of Coyotes were greater than 1 year old (Houben and Mason 2004) . The age structure of Coyotes in West Virginia is currently being examined (Albers 2010). The oldest documented wild eastern Coyote was a 10-12 year old female in Massachusetts that had produced a litter of pups in her last year of life ). The majority of mortalities among radio-collared adult Coyotes are human related, and include trapping, hunting, and road kills (Bogan 2004 , Chamberlain and Leopold 2001 , Hilton 1976 , Schrecengost et al. 2009 , and Van Deelen and Gosselink 2006 .
Social behavior
Coyotes are a moderately social species, some are members of social groups which share the same territory, others are solitary and unassociated with other Coyotes. Eastern Coyotes typically live in groups of 2-4 (Caturano 1983 , Way 2000 . Observations of larger groups involve 3-4 adults and 5-7 pups Messier 2001, Way 2003) . Groups of eastern Coyotes have been observed consisting of male/female, male/male, female/female pairs, as well as male/1-2 juveniles, 2 males/2 females, and male/female/1-3 juveniles (Brundige 1993 , Caturano 1983 , Major 1983 , Patterson and Messier 2001 , Way 2003 .
A common misconception is that group members that are not the mated pair are always the offspring from the previous year. An Illinois study investigated the genetic relationship between eastern Coyote pack members (Hennessy 2007) . Out of 116 relationships among 62 individual pack members: 49.1% were fullsiblings or parent/offspring; 31% were grandparent/grandchild, fi rst cousins, aunt/nephew, etc.; 13.8% were unrelated; and 6.1% were mated pair relationships. Of the 7 mated pairs analyzed, 6 were unrelated and 1 was related on the level of grandparent/grandchild or fi rst cousins. In most cases, pack members were related on some level; however, there were two individuals that were not related to any other member of their packs and a pack where none of the three members were related (Hennessy 2007) .
Home range
Eastern Coyote home-range size varies and is infl uenced by habitat, geography, food availability, and season (Brundige 1993 , Caturano 1983 , Crête et al. 2001 , Holzman et al. 1992 , Person and Hirth 1991 . Additionally, reproductive status, sex, and social status can also affect home-range size (Babb and Kennedy 1988 , Harrison and Gilbert 1985 , Parker and Maxwell 1989 , Pearson and Hirth 1991 , Way et al. 2002 . Home ranges of Coyotes in the greater mid-Atlantic area vary greatly, and no geographic trends are evident (Table 1) . Both the smallest (5.7 km 2 ) and largest (112.8 km 2 ) home ranges for eastern Coyotes have been observed in New York. There is currently no published data on home-range sizes in the mid-Atlantic region.
Foraging ecology
There is limited information on Coyote diet in the mid-Atlantic region. Two studies have been completed in northeastern Ohio, and one study each has been conducted in central Kentucky, Pennsylvania, and West Virginia (Table 2 ). Although these studies provide some baseline data, the availability of food due to season, prey population, or location limit the application of these data.
The fi rst Ohio study, conducted during the winter, found that Microtus pennsylvanicus (Ord) (Meadow Vole) were in 14 of the 50 scats collected, but only accounted for 18% of diet by volume. Sylvilagus fl oridanus (J.A. Allen) (Eastern Cottontail) were in 10 of 50 scats and made up 13% of diet by volume. Whitetailed Deer were in 10 of 50 scats and comprised 13% of diet by volume. Procyon lotor (L.) (Raccoon) were found in 9 of the 50 scats and comprised 12% of diet by volume (Cepek 2004 ). The second Ohio study, conducted during all seasons, also found that small mammals accounted for a large number of Coyote food items (490 of 944 scats contained small mammals). Small mammals were followed by White-tailed Deer (415 of 944 scats), vegetation (305 of 944 scats), and Eastern Cottontail (142 of 944 scats). This latter study did not examine food items by volume (Bollin-Booth 2007) .
The Pennsylvania study, conducted year round, found that vegetation occurred in 177 of 310 scats and White-tailed Deer were observed in 171 of 310 scats. Other (Crossett and Elliott 1991) . The West Virginia study, conducted primarily in winter, collected 24 Coyote stomachs from private fur trappers and USDA APHIS Wildlife Services specialists. The most frequently occurring food item was White-tailed Deer (20 of 24 stomachs), followed by fruit (4 of 24 stomachs), small mammals (2 of 24 stomachs), and Ovis ovies (Sheep) (2 of 24 stomachs). This study also did not examine food items by volume (Wykle 1999 ). The year-round diet of Coyotes in West Virginia is currently being examined (Albers 2010).
Conclusion
Coyotes have recently expanded their range into the mid-Atlantic region raising concerns about their impacts to both wildlife and domestic livestock. A review of the literature found that gaps in our knowledge were apparent in all areas of the ecology of eastern Coyotes. Defi ciencies in the quality and quantity of information about the mid-Atlantic Coyotes' population, social behavior, home range, and foraging ecology are of particular concern, as this information is necessary for wildlife managers to assess and address their impacts and changing role in local ecosystems. Information on Coyote foraging ecology, population density, home range, ecological impacts, and genetics from areas outside the mid-Atlantic states may not be applicable due to ecological and environmental differences. Thus, these areas should be priorities of future research. 
